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Suspended nanowires are shown to provide mechanically-controlled coherent mixing/splitting of
the spin states of transmitted electrons, caused by the Rashba spin-orbit interaction. The sensitivity
of the latter to mechanical bending makes the wire a tunable nano-electro-mechanical (NEM) weak
link between reservoirs. When the reservoirs are populated with misbalanced “spin up/down”
electrons, the wire becomes a source of split spin currents, which are not associated with electric
charge transfer and which do not depend on temperature or driving voltages. The mechanical
vibrations of the bended wires allow for additional tunability of these splitters by applying a magnetic
field and varying the temperature. Clean metallic carbon nanotubes of a few microns length are good
candidates for generating spin conductance of the same order as the charge conductance (divided
by e2) which would have been induced by electric driving voltages.
PACS numbers: 07.10Cm,72.25.Hg,72.25.Rb
Introduction. The lack of screening and the wavy na-
ture of the electrons together with the ensuing inter-
ference effects determine a large variety of Coulomb-
correlation and quantum-coherence phenomena in quan-
tum wires and dots. The electronic spin, being weakly
coupled to other degrees of freedom in bulk materials, be-
comes an “active player” due to the enhanced spin-orbit
interaction induced by the Rashba effect [1] in these low-
dimensional structures [2, 3]. This interaction can be also
modified experimentally [4–6]. The quantum-coherence
control of spin-related devices and the spatial transfer of
the electron spins are among the most challenging tasks
of nowadays spintronics, as they can bring up new func-
tionalities. Thus, e.g., quantum interference of electronic
waves in multiply-connected devices was predicted to be
sensitive to the electronic spin, leading to spin filtering
in electronic transport [7].
In charge transport, electronic beam splitters (e.g., by
tunnel barriers) are key ingredients in interference-based
devices. In this Letter we propose that tunnel-barrier
scatterers may serve as coherent splitters of the elec-
tronic spin when the tunneling electrons also undergo
spin (Rashba) scattering. This allows to map various
quantum-interference based phenomena in charge trans-
port onto electronic spin transportation. Such spin-
splitters can be readily made functional by adding to
them a mechanical degree of freedom, which serves to
control their geometrical configuration in space, to which
the Rashba interaction is quite sensitive. Due to this,
one achieves mechanical coherent control and mechani-
cal tuning of the spin filters [8].
We suggest that a suspended nanowire, acting as a
weak link between two electronic reservoirs, is a good
candidate for such a Rashba spin-splitter (see Fig. 1).
The amount of spin splitting, brought about by the
Rashba interaction on the wire, is determined by the
spin-orbit coupling and as such can be controlled by
bending the wire. This can be mechanically tuned, by
exploiting a break junction as a substrate for the wire
(see Fig. 1) or by electrically inducing a Coulomb inter-
action between the wire and an STM tip electrode (also
displayed in Fig. 1). This Rashba scatterer is local-
ized on the nanowire, and serves as a point-like scatterer
in momentum-spin space for the electrons incident from
the bulky leads. When there is a spin imbalance pop-
ulation in one of the leads (or both), and the Rashba
spin-splitter is activated (i.e., the weak link is open for
electronic propagation) spin currents are generated and
are injected from the point-like scatterer to the leads.
Thus the Rashba splitter redistributes the spin popula-
tions between the leads. This source of spin currents need
not be accompanied by transfer of electronic charges [10].
Such a coherent scatterer, whose scattering matrix can
be “designed” at will by tuning controllably the geome-
try, can be realized in electric weak-links based on clean
carbon nanotubes (CNT). Carbon nanotubes have a sig-
nificant Rashba spin-orbit coupling [2, 4, 6]. Moreover,
CNT’s are known to have quite long mean-free paths
(longer for suspended tubes that for the non-bended
ones), allowing for experimental detection of interference-
based phenomena (e.g., Fabry-Perot interference pat-
terns) [11].
Further tunability of the Rashba spin-splitter can be
achieved by switching on an external magnetic field, cou-
pled to the wire through the Aharonov-Bohm effect [12].
This is accomplished by quantum-coherent displacements
of the wire, which generate a temperature dependence in
the Aharonov-Bohm magnetic flux (through an effective
area) [13]. Generally, a large mechanical deformability of
nanostructures, originating from their composite nature
complemented by the strong Coulomb forces accompa-
nying single-electron charge transfer, offer an additional
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2functionality of electronic nanodevices [9, 14]. Indeed,
coherent nano-vibrations in suspended nanostructures,
with frequency in the gigahertz range, were detected ex-
perimentally [15].
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FIG. 1: A break junction supporting a nanowire of length
d (possibly a carbon nanotube), attached by tunnel contacts
to two biased electrodes ([L] and [R]). The small vibrations
of the wire induce oscillations in the angle θ around some
value θ0. The upper electrode ([G]) is an STM tip biased
differently. The Rashba interaction can be controlled via the
bending angle θ of the wire. The latter can be modified both
mechanically, by loads (shown by the arrows) applied to the
substrate and electrically, by biasing the STM.
The transmission amplitude through a Rashba
scatterer. The model system exploited in the calcu-
lations is depicted in Fig. 2. There, the nanowire is
replaced by a quantum dot (a widely-accepted picture,
see Ref. 11), which has a single level (of energy 0), and
which vibrates in the direction perpendicular to the wire
in the junction plane. The leads are modeled by free
electron gases and are firmly coupled to left and right
reservoirs, of chemical potentials µLσ and µRσ, respec-
tively, allowing for spin-polarized charge carriers. Here,
σ denotes the spin index; the spin-quantization axis (as-
sumed to be the same for both reservoirs) depends on
the spin imbalance in the reservoirs and will be specified
below. The electronic populations in the reservoirs are
thus
fL(R)σ(k(p)) = [e
β(k(p)−µL(R)σ)) + 1]−1 , (1)
with β−1 = kBT . The electron gas states in the left
(right) lead are indexed by k (p) and have energies k (p).
Below we denote by ckσ (cpσ) the annihilation operators
for the leads, and by c0σ that for the localized level [16].
The linear Rashba interaction manifests itself as a
phase factor on the tunneling amplitude [17]. In the
geometry of Fig. 2, this phase is induced by an elec-
tric field perpendicular to the x − y plane, and is given
ÄL R
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FIG. 2: Schematic geometry used for calculating the spin-
orbit coupling dependence of the tunneling amplitude. A lo-
calized level is tunnel-coupled to left (L) and right (R) elec-
tronic electrodes with possibly different chemical potentials
µLσ and µRσ. The setup lies in the x − y plane; a magnetic
field applied along zˆ is shown by ⊗. The setup corresponds to
a configuration in which the wire is controlled only mechani-
cally, and the STM is not shown.
by αR × σ · zˆ, where α denotes the strength of the
spin-orbit interaction (in units of inverse length [18]),
and σ is the vector of the Pauli matrices. Quite gen-
erally RL = {xL, yL} for the left tunnel coupling and
RR = {xR,−yR} for the right one, where both radius
vectors RL and RR are functions of the vibrational de-
grees of freedom (as specified in the following). The
quantum vibrations of the wire which modify the bend-
ing angle, make the electronic motion effectively two-
dimensional. This leads to the possibility of manipulat-
ing the junction via the Aharonov-Bohm effect, by apply-
ing a magnetic field which imposes a further phase on the
tunneling amplitudes φL(R) = −(pi/Φ0)(HxL(R)yL(R)),
where H is the magnetic field and Φ0 is the flux quan-
tum (a factor of order unity is absorbed in H [13]).
It follows that the tunneling Hamiltonian between the
localized level and the leads takes the form
Htun =
∑
k,σ,σ′
(Vkσσ′c
†
0σckσ′ + H.c.)
+
∑
p,σ,σ′
(Vpσσ′c
†
pσc0σ′ + H.c.) . (2)
The tunneling amplitudes are (operators in spin and vi-
bration spaces)
Vk(p) = −JL(R) exp[−iψL(R)] , (3)
where
ψL = φL − α(xLσy − yLσx) ,
ψR = φR − α(xRσy + yRσx) . (4)
We consider a non-resonant case, where the localized
level is far above the energies of the occupied states
in both leads (i.e., no energy level on the wire is close
enough to 0 to be involved in inelastic tunneling via a
real state). This allows us to exploit the tunneling as an
expansion parameter [13] and to preform a unitary trans-
formation which replaces the wire by an effective direct
tunneling between the leads through virtual states
Hetun =
∑
k,p
(c†kW
†
kpcp + H.c.) , (5)
3with (using matrix notations in spin space)
W †kp =
1
2
( 1
p − 0
+
1
k − 0
)
V †k V
†
p . (6)
A straightforward calculation [19] now yields that the
spin-polarized particle flux emerging from the left lead is
ILσ =
∫ ∞
0
dτ
∑
k,p,σ′
{
fRσ′(p)[1− fLσ(k)]〈ei(k−p)τ [Wpk]σ′σ[W †kp(τ)]σσ′ + (τ → −τ)〉
− fLσ(k)[1− fRσ′(p)]〈ei(p−k)τ [Wkp]σσ′ [W †pk(τ)]σ′σ + (τ → −τ)〉
}
, (7)
where 〈〉 denotes thermal averaging over the vibrations
and over the time evolution with respect to the (free)
Hamiltonians of the leads and the vibrations. Assum-
ing that the k, p dependence of the amplitudes may be
ignored, and adopting the Einstein model for the descrip-
tion of the vibrations in the variable θ (see below), one
readily obtains [19]
ILσ =
ΓLΓR
2pi20
∑
σ′
∞∑
n,n′=0
P (n)|〈n|[e−iψRe−iψL ]σ′σ|n′〉|2
× (1− eβ(µLσ−µRσ′ )) µLσ − µRσ′ + (n
′ − n)ω
eβ[µLσ−µRσ′+(n′−n)ω] − 1 , (8)
where n is the vibrations’ quantum number, P (n) =
(1 − exp[−βω]) exp[−nβω], and ω is the vibrations’ fre-
quency (ΓL(R) are the usual partial widths induced on 0
by the coupling to the leads). The particle flux emerg-
ing from the right lead is obtained from Eq. (7) upon
interchanging the roles of the left and right sides of the
junction, with
∑
σ(ILσ + IRσ) = 0, as required by charge
conservation. One notes [see Eqs. (4)] that while the
phase due to the magnetic field disappears in the absence
of the vibrations, this is not so for the spin-orbit-phase
(as ψL and ψR do not commute).
The Rashba scatterer as a spin source. Combining
the expressions for the incoming spin fluxes [Eq. (8) and
the corresponding one for IRσ] yields a net spin current,
which is injected from the Rashba scatterer into the leads.
Therefore, the scatterer can be viewed as a source of
spin current, which is maintained when the leads have
imbalanced populations. This spin current is defined as
Jspin ≡
∑
σ
σJspin,σ =
∑
σ
σ(ILσ + IRσ) , (9)
and it tends to diminish the spin imbalance in the leads,
through spin-flip transitions induced by the Rashba in-
teraction. In the limit of weak tunneling, we expect the
spin imbalance to be kept constant in time by injecting
spin-polarized electrons into the reservoirs, so that the
(spin-dependent) chemical potentials do not vary.
The explicit expressions for the two spin currents yield
dramatic consequences [20]: 1. Independent of the choice
of the spin-quantization axis, Jspin,σ is given solely by
the term with σ′ = σ in the spin sums of Eq. (8) and
the corresponding one for IRσ (σ is the spin projection
opposite to σ), which implies that only the off-diagonal
(in spin space) amplitudes contribute. 2. Adopting the
plausible geometry, yL = yR = (d/2) sin(θ) and xL =
xR = (d/2) cos(θ) where d is the wire length and θ, which
vibrates around θ0, is defined in Fig. 1, one finds that
e−iψRe−iψL = ei
piHd2 sin(2θ)
4Φ0
(
1− 2 cos2(θ) sin2(αd/2)
+ iσy sin(αd) cos(θ)− iσz sin(2θ) sin2(αd/2)
)
. (10)
This result is independent of the choice of the spin po-
larizations in the leads, and does not involve σx. 3. As
Eq. (10) indicates, spin flip will be realized in our device
for any orientation of the leads’ polarization. Further-
more, if the angle θ vibrates about a non-zero average
value θ0 then both terms on the second line in Eq. (10)
yield spin flips even for the non-vibrating wire! In this re-
spect, the spin-orbit splitting effect is very different from
that of the Aharonov-Bohm field, which requires a finite
area and therefore in our setup is entirely caused by the
mechanical vibrations. In the special case θ0 = 0, the sec-
ond term there does not contribute for the non-vibrating
wire, and then one has spin flips only if the polarization
is in the x − z plane. To be concrete, below we present
explicit results for a quantization axis along zˆ.
Let the chemical potentials of the two leads be
µL,R↑ = µL,R +
UL,R
2
, µL,R↓ = µL,R −
UL,R
2
, (11)
such that the bias is given by ∆µ = µL − µR while the
amount of polarization in each of the leads is determined
by UL(R). Equation (8) then yields
4−Jspin,↓ = Jspin,↑ = sin2(αd)
ΓLΓR
2pi20
∑
n,n′
P (n)|〈n|eipiHd
2
4Φ0
sin(2θ)
cos(θ)|n′〉|2
×
( [1− eβ(∆µ+U)][∆µ+ U + (n′ − n)ω]
eβ[∆µ+U+(n′−n)ω] − 1 +
[eβ(∆µ−U) − 1][∆µ− U + (n′ − n)ω]
eβ[∆µ−U+(n′−n)ω] − 1
)
, (12)
where U = (UL + UR)/2. Clearly, the spin intensity
vanishes for non-polarized leads, for which U = 0. One
also observes that when the vibrations are ignored, i.e.,
when θ = θ0 (and consequently only the n = n
′ terms
survives) the Aharonov-Bohm flux drops out, and
Jspin,σ = G0U sin
2(αd) cos2(θ0) , (13)
where G0 = ΓLΓR/(pi
2
0) is the Landauer zero-field elec-
tric conductance (divided by e2, e being the electronic
charge). Finally, when the spin intensity is linear in the
chemical potentials (i.e., in the linear-response regime) it
loses its dependence on the bias voltage and becomes
Jspin,↑ = −UGspin , (14)
with the “spin conductance”
Gspin = G0 sin
2(αd)
∞∑
n=0
∞∑
`=1
P (n)
× |〈n|eipiHd
2
4Φ0
sin(2θ)
cos(θ)|n+ `〉|2 2`βω
eβ`ω − 1 . (15)
Our final expression for the amount of spin inten-
sity is obtained upon expanding θ = θ0 + ∆θ = θ0 +
(a0 cos(θ0)/d)(b+b
†), where b (b†) is the destruction (cre-
ation) operator of the vibrations, and a0 is the ampli-
tude of the zero-point oscillations. Equation (15) then
becomes
Gspin = sin
2(αd) cos2(θ0)
×
[
G0
∞∑
n=0
∞∑
`=1
|〈n|ei HH0 (b+b
†)|n+ `〉|2 2P (n)`βω
eβ`ω − 1
]
, (16)
with the magnetic-field scale given by H0 =√
2Φ0/[pida0 cos(θ0) cos(2θ0)]. Interestingly enough, the
expression in the square brackets of Eq. (16) is exactly
the magnetoconductance (divided by e2) of the wire, as
analyzed in Ref. 13. We hence may build on their results
to obtain for the spin-intensity admittance the low- and
high-temperature limits
Gspin/G0
sin2(αd) cos2(θ0)
=
{
1− βω6 H
2
H20
βω  1
exp[−H2/H20 ], βω  1 .
(17)
Discussion. In conclusion, we have proposed that
electro-mechanically tunable interference of waves of elec-
tronic spins can be achieved in nanostructures with spa-
tially localized spin-orbit interaction. Electric weak links
in a mechanically-controllable geometry enable one to ex-
ploit the Rashba spin-orbit interaction to split electronic
spins and to induce spin currents in polarized conductors.
These currents are not associated with electric charge
transportation. The Rashba spin-splitter is character-
ized by a scattering matrix that can be “designed” at
will, by mechanically tuning the nanowire.
Carbon nanotubes are in particular suitable for realiz-
ing the Rashba spin splitter. The energy gap induced by
the spin-orbit coupling in them is 0.37 meV, making the
strength α on the order of 104 cm−1 [4]. For wire lengths
of the order of micrometers, αd is of order unity, and
then Gspin is of the same order as the Landauer conduc-
tance (which determines the response of electric currents
to electric driving voltages). It is then possible to tune
the spin currents by an external electric field (which con-
trols the Rashba coupling).
Any experimental detection of spin patterns of elec-
trons flowing through a nanotube would be an appropri-
ate method to monitor the spin current injected from the
Rashba splitter. Spin-dependent tunneling is one possi-
bility. When the leads are spin polarized, the densities of
states at the Fermi energy of the left (right) lead, N σL(R),
depend on the spin direction. Then the electric conduc-
tance, G0, becomes a function of the mechanical angle θ0
due to the Rashba-induced spin-flip transitions, leading
to
Jspin(θ0) ∝ U [G0(θ0)−G0(
pi
2
)]
∣∣∣N σLN σR −N σLN σRN σLN σR +N σLN σR
∣∣∣ .
Thus an electric measurement of G0(θ0) can detect the
spin current. Another scheme which avoids a voltage
drop is to exploit the Rashba splitter as a superconduct-
ing weak link. The full consideration of this setup is
beyond the present scope. However, having in mind the
well-known pi−shift in the Josephson current as a func-
tion of the superconducting phase difference [21] resulting
from spin flips induced by impurities in the tunnel bar-
rier, one may hope to observe mechanically-controlled
phase shifts in the Josephson current arising from the
Rashba splitting.
The possibility to electrically and mechanically acti-
vate point-like sources of spin-polarized currents with
controllable orientations of the spin polarization opens
a new route to study spin-related interference in more
complicated arrays and networks. It couples such phe-
nomena with electronic transport switching caused by
5e.g., Coulomb blockade or microwave activation.
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